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Introduction 24
Re-introduced captive-bred animals must adapt to unfamiliar, wild situations following their release if 25 they are to survive. Arguably, a critical time for these animals is the first few days and weeks post-26 release, when they may be more likely to succumb to unfamiliar predators and physiological stresses 27 associated with novel environments. However, the establishment of breeding populations from 28 page 2 released animals relies on the animals' abilities to adapt over the longer term. The ability of captive-29 bred animals to adapt to new nutritional environments and to manage seasonal fluctuations in 30 resources post-release has not been extensively studied. Significant decreases in water consumption 31 post-release have been reported for some species (e.g. oryx Oryx leucoryx, Stanley Price 1986; 32
Przewalski horses Equus przewalskii, Pereladova et al. 1999) , probably reflecting physiological 33 adjustments to a lack of ad libitum resources. Similar studies investigating the resource use by captive-34 bred and released animals in Australia are lacking, despite reintroduction programs for many species 35 (e.g. see Serena 1994 ). This may be because one of the most successful means of evaluating resource 36 use in the field, the doubly labelled water method (Speakman 1997) , is seen as an invasive technique, 37 requiring re-capture of animals and blood or other body fluid sampling. Nonetheless, without 38 comparative data on the resource patterns of re-introduced animals it is difficult to appreciate factors 39 important to the success of establishing breeding populations, like habitat quality, resource patch-use 40 and density, potential conflict with competing species, or other key threatening processes. As a first 41 step in evaluating the ability of captive-bred animals to adjust to free-living long-term, we investigated 42 the field metabolic rate and water use by captive-bred yellow-footed rock-wallabies (Petrogale 43 xanthopus celeris) re-introduced to an area within their former range. 44
Two sub-species of Yellow-footed rock wallaby are currently recognized, P. x. xanthopus occurring 45 in South Australia and New South Wales, and P. x. celeris occurring in Queensland. P. x. xanthopus is 46 currently listed as Near Threatened, a result of a declining and fragmented total population numbering 47 page 3 body condition and breeding success. For example, there is some evidence that indicates that P. 58 xanthopus require free-water during drought conditions, but many extant colonies do not occur near 59 permanent water, particularly in Queensland (P. McRae pers. comm.), suggesting that wild-type P. x. 60 celeris are able to survive without access to drinking water. Whether captive-bred and released P. x. 61 celeris share this (and other) abilities to ameliorate an arid environment is uncertain. We therefore 62 examined the energy and water metabolisms of captive-bred and released P. x. celeris over two 63 seasons, a wet summer and a dry winter, in a semi-arid rangelands site, southern Queensland, 64
Australia. 65 66

Material and Methods 67
Study area and animals Site 1 also contain gidgee, A. cambagei, wilga, Geijera parviflora, and silver-leaved ironbark, Eucalyptus Nagy (1980 Nagy ( , 1983 Nagy ( , 1989 
113
Captured animals were transferred from traps into large pet-packs and carried to a vehicle for transport to the 114 field laboratory. Animals were weighed in hessian sacks using a hanging dial scale (± 0.05 kg) at initial capture 115 in summer, and at initial capture and recapture in winter; body masses were assumed to remain constant for 116
calculations (see below). Animals were placed in a darkened air-conditioned room prior to processing, during page 5 (Terumo). An initial 2-mL blood sample was taken for measurement of background isotope levels. of the winter measurement period, and nine were injected within the first six days of the summer 178 measurements period; one additional male was injected only with tritiated water in summer as the 179 chance of recapturing this transient male was deemed low. Eight of the ten animals were recaptured 180 during each measurement period. Four animals were sampled during both periods (3♂: 1♀) and eight 181 others sampled once (1♂: 7♀). Thus, 12 animals were sampled in total throughout the study (4♂: 8♀; 182 Australia assumed a diet similar to that of free-ranging counterparts within 2-3 months of release. 214
Such a finding strongly suggests that the captive-bred and subsequently released animals were able to 215 adjust to their new environment, and they were capable of foraging successfully to meet their 216 minimum nutrient requirements, and indeed to begin breeding. The findings presented here further 217 support that conclusion, as the captive-bred, released animals were apparently capable of meeting their 218 daily water and energy needs to maintain body mass within each season, and to support breeding. 219
Although we do not know exactly how many young survived post-weaning, the captive-bred females 220 were certainly capable of rearing young to at least mid-pouch life stages. 221
The TBW values we measured in P. as water content of consumed forage during the wet summer was higher than during the dry winter 247 (Allen 2001) . In this regard, it is important to note that WTR itself may not reflect the water 248 requirements of the animal because water influxes for herbivores can be heavily influenced by forage 249 water contents. Consequently, it is difficult to draw conclusions about the definitive water 250 requirements of free range animals, and particularly their abilities to withstand water shortages, unless 251 these data can be collected from animals known to be water restricted. Of note, there was probably 252 also increased availability of surface water for the P. x. celeris during the wet summer as water tends 253 to accumulate within cracks and rock depressions in the rocky terrain they inhabit. 254
The winter WTR of P. x. celeris in the current study (49.0 mL kg -0.71 d Petrogale xanthopus has also been reported to decrease faecal water loss and increase urine 270 concentration during dry periods . 271
Generally, WTR and FMR in reproductive female marsupials are related to age of pouch young and 272 thus lactational demands (Green 1989 (Green , 1997 Munks 1990 ; Hume 1999). We found no significant 273 difference in allometrically-adjusted WTR or FMR between males and lactating females in either 274 season (Table 1) . Comparison with non-lactating females was not possible as all females carried pouch 275 young. However, we found that both WTR and FMR were independent of joey age in lactating 276 females. These findings suggest no significant water or energy demands of lactation on P. x. celeris, 277 and differ from that reported by Kennedy and Heinsohn (1974) , who demonstrated a 17% higher WTR 278 in lactating compared with non-lactating unadorned rock-wallaby (P. inornata). Nevertheless, other 279 studies have reported little or no significant increase in WTR during lactation for other macropodoid 280 marsupials, including rufous bettong (A. rufescens; Wallis and Green 1992), brush-tailed bettong and 281 tammar wallaby (Green 1997 ). Green (1997) suggested that this may be due to the macropods usually 282 supporting only a single, small pouch young, and thus rates of milk production are low when 283 compared to eutherians mammals, even during mid-pouch life. However, total investment in 284 reproduction by eutherians and marsupials is similar by late lactation (Tyndale-Biscoe 2005). 285
The FMR of our captive-bred and released P. ; Nagy and Bradshaw 2000). This finding is inconsistent with Nagy and 296
Bradshaw (2000), who reported FMRs of arid-zone marsupials to be 35% less than those of non-arid-297 zone marsupials. However, it is important to recognise that the animals in this study were not wild, 298
and we have no way of knowing how captive-rearing may have impacted their basic physiology. As 299 far as we are aware, there are no data available for the FMR (or WTR) of wild P. x. celeris, making it 300 difficult to determine whether our animals are representative of the species generally, or whether other 301 factors are involved. Interestingly, the generally higher FMR of P. xanthopus and P. x. celeris 302 compared with similar-sized plains-dwelling macropods, or marsupials generally, may be associated 303 with their habitat. For example, P. xanthopus spp. may use more energy to transverse complex rocky 304
terrains, but the costs of locomotion for this species are unknown. It is also worth noting that the 305 
